This paper presents new confidence intervals for the mean of lognormal distribution with restricted parameter. We proved the coverage probability and expected length of our proposed confidence interval. Monte Carlo simulation will be used to compare the proposed confidence interval to the existing confidence interval.
Introduction
Let X = (X 1 , X 2 , . . . , X n ) be a random variable having a lognormal distribution, and μ and σ 2 , respectively, are denoted by the mean and the variance of Y where Y = ln(X) ∼ N(μ, σ 2 ). The probability density function of the lognormal distribution, LN(μ, σ 2 ), is
; for x >0 0 ; for x ≤0.
(
The mean for the lognormal population is E(X) = exp (μ + σ 2 /2) where E(X) denotes the expectation of X. We are interesting to construct the confidence interval of θ * = exp (μ + σ 2 /2) when parameter θ * is bounded i.e., a < θ * < b where a and b are constant and a < b.
Confidence interval for the mean of Lognormal distribution
Krishnamoorthy and Mathew [1] showed that to compare confidence intervals of θ * , we can compare only in terms of θ = μ + σ 2 /2 when a < θ < b.
Zhou and Gao [5] proposed the confidence interval CI cox for θ, where
where c 1 is the 100(1 − α)% percentile of the standard normal distribution. Recently, Zhou et al. [6] proposed the new method, called the closed form method of variance estimation (CFM), to constructed the confidence interval for the mean of lognormal distribution which is
where
c 2 is the 100(1 − α)% percentile of the t-distribution, c 3 and c 4 are respectively the 100(1 − α/2)% and 100(α/2)% percentiles of the Chi-squares distribution with n − 1 degrees of freedom. Zou et al. [6] reported that the confidence interval CI rov performs as well as the generalized confidence interval proposed by Krishnamoorthy and Mathew [1] in terms of coverage probability. Krishnamoorthy and Mathew [1] also confirmed that the generalized confidence interval performs better than the standard confidence interval CI cox . In this paper we modified both confidence intervals to construct the confidence interval for θ with restricted parameter space.
We also note that the confidence intervals for θ * using the methods of Zhou and Gao [5] and Zou et al. [6] are respectively,
Confidence interval for the mean of Lognormal distribution with restricted parameter space
Following Wang [4] , the confidence interval for θ with restricted parameter, 0 < a < θ < b is
Similarly to the confidence interval CI r , the confidence interval for θ, using the confidence intervals CI cox = (l cox , u cox ), CI rov = (L, U) and 0 < a < θ < b, are respectively
and
We also note that the confidence intervals for θ * with restricted parameter space using the methods of Zhou and Gao [5] and Zou et al. [6] are respectively,
In the next section, we have proved two Theorems for the coverage probability and the expected length of each interval.
Main results
Theorem 1. The coverage probability of CI rcox is 
Proof. Using the fact that
and applied Theorems 1 and 2 of Niwitpong and Niwitpong [3] or Niwitpong [2] , Theorem 1 is proved.
Theorem 2.
The coverage probability of CI rrov is Proof. Similarly to Theorem 1.
Simulation Studies
In this section, we compare confidence intervals for θ via Monte Carlo simulation, using functions written in R, in variety of situations to see how coverage probabilities and expected lengths of confidence intervals CI rcox and CI rrov , see Theorems 1-2, may depend on sample sizes and on the constants a and b. We chose σ 2 = 1, μ = 0, 3, 5 and n = 30, 50, 100, 200. We compare confidence intervals of CI rcox and CI rrov based on their coverage probabilities and expected lengths, with a nominal value of 0.95 throughout. Comparison of coverage probabilities of above intervals, using Theorems 1-2, based on M=10,000 simulations, are given in Table 1 . The ratio of expected lengths for each intervals, using Theorems 1-2, are also given in Table 1 . From Table 1 , it is not surprising that the coverage probabilities of the confidence interval, CI rcox are below the nominal value of 0.95 for all cases. However, the coverage probabilities of our proposed confidence interval CI rrov are above the nominal value of 0.95 except for the case of small sample size n = 30 and a = 0, b = 6. As a result, we conclude that the confidence interval CI rrov performs better than the confidence interval CI rcox in terms of the coverage probability. In addition, the ratio of expected lengths of the confidence interval CI rcox compared to CI rrov is greater than 1 for all cases, the confidence interval CI rrov is definitely shorter than that of the confidence interval CI rcox .
